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Abstract 
This paper presents the temporal and spatial characteristics of land use/cover changes and identifies 
the process of urbanization for the major cities at the central part of Jordan. Specifically, the study 
area covers the capital Amman, Zarqa and Al-salt cities. In this study, subsets of Landsat Thematic 
Mapper (TM), Landsat Enhanced Thematic Mapper (ETM+) and ASTER visible and near infrared 
radiometer (VNIR) images acquired in August 1987, 1999 and 2005 respectively, were used for 
mapping land use/cover changes. The color composites for the three images were selected using the 
filtered Landsat (TM and ETM+) bands 2, 4, 7 and ASTER VNIR bands 3, 2, 1. A supervised 
classification system using Maximum likelihood classifier was used to create land use/cover maps, 
that composed of six classes: Urban/ built up areas, Water, Bare land, Natural vegetation, 
Agricultural land, and Forestland. The overall accuracy generated from Landsat TM, Landsat ETM + 
and ASTER VNIR ranging from 90 % to 95 %. The trends in land use/cover changes indicated 
signeficant changes in urban, agricultural land and bare land classes. The output land use/cover maps 
showed that urban expansion has been associated with loss of agricultural land and urban sprawl. 
Land use/cover statistics revealed that urban/built up areas have increased by 220 Km2 , while 
agriculture land have decreased by 99 Km汎ndbare land have decreased by 101 Km元verthe study 
period. These results can provide city planners and decision makers who can use this information to 
give an essential consideration for monitoring the rapid urbanization trend by predicting the amount 
of changes and the location of future built-up areas, as well as evaluating the existing urban 
strategies. 
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1. Introduction human activities (Xiao et al. 2005). 
land use/cover change is a major factor for The process of urbanization is a major trend in 
global change, because it can affect ecosystem recent years al over the world (Weber and 
processes, biodiversity, climate, Puissant 2002) . Recently urban planners 
biogeochemical cycles as they directly affect frequently make use of remotely sensed 
- 181 -
imagery, which they can then superimpose on 
other demographic or geographic information 
to provide a more detailed and insightful 
picture of the human landscape (Toby 2003). 
Jordanian cities have experienced rapid 
urbanization over the last two decade, mainly 
resulted from high natural growth rate, and 
equally important the continuous migration 
flows from Gulf countries after the first and 
second wars in 1991 and 2003, respectively. 
Urbanization in Jordan is significantly high: in 
1998, about 78% of the kingdom's population 
were living in urban areas and it is projected to 
increase in the future which may probably 
reach more than 85% of the total population by 
the year 2010 (Jaber and Probert 2001). 
The objective of this study is to allow the urban 
planners to know the changing conditions in the 
study area in order to develop urban in presence 
of adequate planning and instructions and to 
protect the local environment. To perform the 
objective this study presents a three time series 
analysis using remote sensed data (Landsat and 
ASTER images) in combination with 
Geographical Information System (GIS) to 
identify a land use/cover classification schern 
for the major cities at the central part of Jordan 
and determine urban expansion trend and rate. 
Study area 
The study area, as shown in figure 1 islocated 
at the central part of Jordan between the range 
of 35ｰ46'E-36ｰ13'E and 31ｰ46'N-32ｰ13'N, 
and is composed of the capital Amman, Zarqa 
and Al-Salt cities. The study area is covers 
about 13,459 km2 representing a bout 15% of 
the total area of Jordan (DOS 2008). The 
climate of the study area, in summer it is hot 
and dry and temperature ranges from 
(27-36)ｰC, while in winter it is cold, and 
temperature ranges from (1.4-10) ℃ The 
amount of rainfall is low, ranges between 
(250-350) mm/year. 
2. Methodology 
Landsat Thematic Mapper (TM) 1987 , 
Landsat Enhanced Thematic Mapper (ETM +) 
1999 and ASTER visible and near infrared 
radiometer (VNIR) 2005 were used to extract 
land use/cover information and to map the 
physical extent of urban areas for the central 
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Figure 1. Location map of the study area 
part of Jordan at the same season (August). In 
addition, topographic map with a scale of 
1 :50,000 was used as a reference for land 
cover/use types. 
The Landsat TM and ETM + images were in 
UTM projection (Zone 36) on WGS84. The 
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Landsat TM image was used as a reference to 
register ASTER (VNIR) image. The nearest 
neighbor method was used to a void altering the 
original pixel values. The resultant root mean 
square error (RMSE) was less than 0.5 pixels 
using 15 ground control points (GCP.s). 
A supervised classification system using 
maximum likelihood algorithm was 
consequently applied to the three images. In 
total, six separable land use/cover classes were 
recognized which are: Urban/ built up areas, 
Water, Bare land, Natural vegetation, 
have increased from 174 Km2 in 1987 to 260 
Km2 in 1999, and then to 394 Km2 in 2005, 
showing an expansion of urban/built up areas 
by 220 Km2 from 1987 to 2005. In contrast, 
agriculture land occupied a bout 205 Km2 in 
1987, decreased to 115 Km2 in 1999 and then 
to 105 Km2 in 2005, indicating a decrease by 
99 Km2 from 1987 to 2005. On the other hand, 
bare land have slightly increased from 1394 
Km2 in 1987 to 1411 Km2 in 1999 and then 
have decreased to 1292 Km2 in 2005, a record 
loss of 101 Km2 in the 18 years of the study 
Agricultural land, and Forestland. A median period. 
convolution filter, Kernel size 3x3 was used to Rapid urban sprawl have occurred a round 
smoothen the images. Visual interpretation was Amman, Zarqa and Al-Salt cities, since the 
performed to solve the difficulty of sprawl normally takes place in radial direction 
misclassification eror. The accuracy of each of around the city center or in linear direction 
Landsat TM, Landsat ETM+ and ASTER VNIR along the highways (Sudhira et al. 2003). In 
were 90%, 92% and 95%, respectively. addition, these changes have pointed toward 
that the spatial pattern of urban expansion; has 
3. Results not occurred evenly in al direction but has 
The static land use/cover distribution for the taken place much faster and further in certain 
three time series (1987, 1999 and 2005) as directions. Therefore urban planning studies 
derived from the maps showed that there are should be applied to determine the magnitude 
three main classes of interest in the study area: of encroachment resulting from expanding 
urban/built-up areas, agriculture land and bare urban areas centered mostly in the central part 
land, because of their significant records in the of Jordan. 
last 18 years of the study period. The spatial 
distributions of the six classes were extracted 
from each land use/cover maps of 1987, 1999 
and 2005 as shown in Figures 2. 
The trends in the last three land use/cover 
change indicated that the urban/built up areas 
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Figure 2. Classified land use/cover maps of the central part of Jordan in 1987, 1999, 2005 
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